In the series of 86 patients with the Stokes-Adams syndrome or with symptomatic bradycardia managed with permanently implanted ventricular pacemakers reported on, 35 patients had primary implantation of epicardial leads at thoracotomy and 51 had transvenous endocardial electrodes passed via the jugular venous system for permanent ventricular pacing. The transvenous method of permanent pacemaker implantation appears to be easier to apply with less serious complications and provides the same overall mortality as the transthoracic approach. However, pacemaker failure, both permanent and temporary, is more likely to occur with the transvenous approach.
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The average age was 66.5 years (range, 13 to 89 years). Seventy-nine per cent were above 60 years of age; 40% were above 70 years. The patient follow-up from the time of the implantation to October 1966 was 100%.
Indications for Pacemaker
The two indications for implantation were syncope or presyncopal episodes, and congestive heart failure thought to be related to bradycardia. Syncope or presyncopal attacks were the major indication in 77 of 86 patients (90%). Such episodes had occurred for more than a week in 83% of the patients and for more than a year in 42%. Congestive heart failure was the sole indication for establishing ventricular pacing in the remaining nine patients (10%). Both syncope and congestive failure were present in 29% of the series.
Etiology
The suspected etiologies of the bradycardia, complete heart block, or Stokes-Adams episodes in these 86 patients were coronary artery disease (20%), unknown etiology (47%6), associated diseases such as rheumatoid arthritis, gout, valvular heart disease, diabetes, hypertension, and pulmonary disease (33%). Patients with digitalis intoxication or acute myocardial infarction were excluded from this study.
Electrocardiograms
Permanent, third degree heart block was present in 49 of the 86 patients (57%); alternation between second degree and third degree A-V block in eight (9%), and sinus rhythm, first degree block, or atrial fibrillation was present at some time in the tracings of the remaining 29. Of the 77 patients with symptomatic Stokes-Adams attacks, 27 (35%) had tracings at some time during their hospitalization which showed an intermittent supraventricular mechanism as well as third degree block or asystole.
Drug Management
All patients received oral or intravenous isoproterenol prior to pacemaker implantation; in the majority this failed to prevent StokesAdams attacks or improve congestive failure. In eight of the nine patients with congestive heart failure but without syncope, high doses of oral isoproterenol were tried for several weeks without success. This failure 14' 1 of effective drug management may well have been prejudiced by selection since many patients were referred because previous pharmacological therapy had failed.
Methods
Effective permanent pacing was achieved in each patient during the primary hospitalization by means of a fixed rate ventricular device.* In 35 patients the primary technique of implantation was the transthoracic method. The procedure was carried out under general anesthesia by the recommended surgical approach. 13 In 51 patients a specially designed bipolar pacing cathetert was passed by the jugular venous system under local anesthesia to the apex of the right ventricle and then connected to the fixed rate pulse generator* for permanent implantation in the infraclavicular region.
Regardless of whether the transthoracic or transvenous method was planned, satisfactory pacing with a temporary venous bipolar pacing catheter and an external pulse generator was first employed in all patients.
To allow for direct comparison between the transthoracic and the tarnsvenous approach, arbitrary definitions were assigned for assessing pacemaker function. Failures to maintain successful pacing were divided into two groups according to the cause: (1) 
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Hospital Course
The average hospital stay for the 35 patients with the transthoracic method was 19.1 days (range, 10 to 90 days). In the 51 patients in whom transvenous implantation of a pacemaker was accomplished, the average stay was 12.3 days (7 to 35 days). In both groups this encompassed all who sustained complications and also included the time for the diagnostic tests and the observation period required before finally establishing the need for permanent ventricular pacing.
The immediate postoperative convalescence in the two groups also differed in the rate of return to normal activity. The majority of the patients for whom the transvenous approach was used were ambulatory and returned to a previous or improved functional status by 24 fairly weighted the information. After 2 years of service 53% of the patients had uninterrupted component service while 47% had failures which required hospitalization and repair. Pulse generator failures were responsible for the majority of these failures. They were most often manifested as permanent failure to pace or a prominent slowing of the pulse generator impulse (decreased by 10 beats/min or more). Acceleration of the pulse generator occurred in two instances. Five patients experienced electrode breaks. These accounted for 25% of the component failures. These patients most often presented clinically as sustained failure to pace. The break was detectable radiographically in all but two patients. In these two patients the failure to pace was intermittent.
Late adjustments in voltage after 12 months have been a sign of impending pulse generator failure. In five such instances, all generators ultimately failed within the ensuing month. Four of these were successfully replaced, but in one instance the failure (subsequently confirmed by the manufacturer) resulted in sudden death 7 days after a voltage adjustment. Therefore, the need to 100 it was assumed that movement within the chamber had occurred. In seven of the 13 instances, simple repositioning by a cutdown under local anesthesia over the site of entry into the jugular system was successful in reestablishing ventricular pacing. Minor degrees of movement of the electrode catheter tip within the ventricular chamber can produce dramatic changes in threshold, that is, an increase from 1 to 6-ma threshold with less than a few centimeters displacement. It has been suggested that once satisfactory pacing has been achieved for a period of days or weeks, late migration of the catheter electrode should be uncommon, since the catheter is enveloped in a sleeve of endothelium. Postmortem examination indicated that such an endothelial sleeve had begun to encompass the catheter by 7 days. In the failures, due to presumed migration of the catheter, eight of 13 occurred within 1 day after placement. The remaining five occurred as late as 1 to 7 months after permanent implantation, thus suggesting that fixation by an endothelial sleeve is not a uniform occurrence.
Diaphragmatic pacing occurred in six patients (11%). With the catheter in the right ventricular apex, it is closely approximated to the left leaf of the diaphragm, and it is conceivable that an impulse of sufficient magnitude could simultaneously stimulate the myocardium and the muscles of the left leaf of the diaphragm. This possibility was confirmed in one patient using a temporary pacing catheter and an external pulse generator. The threshold for myocardial stimulation was 1.2 ma; by progressively increasing the milliamperes to 6, the heart and left leaf of the diaphragm could be repeatedly and simultaneously stimulated. Commercially available pulse generators for transvenous implantation are frequently set with high outputs, 4.5 to 7.0 ma.
Synchronous pacing of the ventricle and the left leaf of the diaphragm occurred in three patients. At thoracotomy no perforation was found in one patient; in the other two, minor remanipulation of the catheter reduced or stopped the diaphragmatic stimulation and effective ventricular stimulation persisted. Diaphragmatic stimulation without ventricular contraction occurred in three patients; in two, myocardial perforation was demonstrated at thoracotomy. In the third patient, after 3 months of successful pacing, the heart rate slowed and the patient experienced an uncomfortable twitching in the muscles of the right chest. Fluoroscopy and x-ray examination showed the catheter tip against the lateral wall of the right atrium, where it was stimulating the right atrium and the right phrenic nerve. Simple manipulation resulted in successful ventricular pacing which has continued for 5 months. Thus, stimulation of both heart and diaphragm can be treated conservatively, that is, by reducing the milliampere output or repositioning the transvenous catheter. Diaphragmatic stimulation without ventricular stimulation probably means perforation and the transthoracic approach should be resorted to.
Asymptomatic pericardial friction rubs were noted in five patients within 2 to 48 hours after insertion of the transvenous permanent catheter. Signs of pericardial tamponade were uniformly absent, right atrial injection of CO2 and radioisotopic precordial scans in three of these patients failed to reveal signs of pericardial fluid. No serial changes in electrocardiograms or serum enzymes were noted. The rubs subsided in 6 to 72 hours without loss of effective pacing. A conservative approach without manipulation of the catheter was followed. After 5 to 14 months the patients have all done well without sequelae and effective ventricular pacing has been maintained. Numerous patients with temporary and permanent right ventricular pacing catheters developed high pitched "squeaking" types of systolic sounds which were intermittent and dependent on position and respiratory phase. These sounds were distinct from the pericardial friction rub which has been described. The mechanism of the pericardial friction rub is unknown. However, in view of the lack of evidence of pericardial effusion or symptomatic difficulty and the transient and benign nature of the pericardial rub in all five patients, a conservative approach appeared justified.
Cardiac perforation by the electrode catheter is known to have occurred in four patients; two who developed acute cardiac tamponade have already been discussed. A third patient experienced failure to pace and stimulation of the diaphragm after insertion; at thoracotomy 12 hours later, the catheter was seen to be protruding through the right ventricular wall. A fourth patient had 6 months of successful pacing and then failure to pace developed concomitantly with intermittent stimulation of the left leaf of the diaphragm. X-ray examination indicated that the catheter had obviously migrated. Cineangiocardiograms with right atrial injection of contrast material clearly revealed that the catheter was outside the right ventricular chamber. The catheter was removed and replaced by a temporary pacing catheter; 3 days later thoracotomy with direct myocardial application of electrodes was performed. At surgery 12 18 TIME -MONTHS Figure 3 Comparison of survival of three populations. ( patients digitalization has resulted in added clinical response.
Economically, there appears to be minor, if any, difference in cost between drug management and permanent pacemaker implantation. Thus, the mortality is reduced, the morbidity is considerably decreased, much wider therapeutic latitude is afforded, and at worst the cost to the patient is increased only slightly when a permanently implanted pacemaker is used.
The technical aspects of pacemaker function are encouraging. Ninety per cent of the patients in this series have had uninterrupted service for 1 year and over 50% had uninterrupted component service for 2 years. The simplest type of unit, a fixed rate ventricular pacemaker, was purposely used in these patients to reduce component failures and to provide a background against which to judge other more complex units.
One of the prime interests in this study was to compare the transthoracic and transvenous methods for establishing ventricular pacing. The age, sex, race, etiology, duration and severity of symptoms, and presence or absence of congestive heart failure were comparable in the 35 patients managed by the transthoracic approach and the 51 patients managed with the transvenous method. Thus, comparison of the two methods is valid.
The transvenous method was accomplished in a shorter period of hospitalization; the stay was reduced by one third from that following use of the transthoracic method.
The period and extent of postoperative disability in the transthoracic and transvenous groups were strikingly different because of avoiding general anesthesia and a major surgical procedure in the latter group. Serious complications were present in 31% of the transthoracic patients in this series. In the majority of other reported series of transthoracic pacemakers, similar significant operative mortality and postoperative morbidity have been noted.1-3, [19] [20] [21] [22] [23] [24] [25] [26] In our group of patients with transvenous pacemakers, 8% had serious complications, and in other series available in the literature, a similar low figure 5MORRIS ET AL.
was noted with this technique.8-10, 13 In summary then, transvenous implantation of a pacemaker can be carried out during a shorter hospital stay with fewer serious complications, sooner ambulation, and a quicker return of the patients to their previous or improved functional status than the transthoracic method. Furthermore, the transvenous method had a wider range of applicability, as it can be applied to a patient too ill or too unstable to withstand thoracotomy.
If the ease of carrying out the procedure were the only consideration, there would be little doubt as to the choice of method for implanting a permanent pacemaker. However, reliability and dependability must always be the hallmark for a pacemaker procedure. It is here that the transthoracic approach outperforms the transvenous approach. Permanent failures have not occurred and a temporary failure occurred on only one occasion in the 35 patients. With the transvenous method 16% of the patients had permanent failures, requiring subsequent thoracotomy, and 13% had temporary failures requiring remanipulation of the electrodecatheter at a subsequent time. However, two thirds of the 15 failures in the transvenous group occurred during the primary hospitalization and thus could be promptly and safely corrected.
The present study does not answer a major question. Will late failures continue to accumulate among the transvenous group as these patients are followed for a longer period? In this study 20 patients in the transvenous group were followed for 9 months or longer. Long-term performance appears stable, but additional experience is needed.
The transvenous approach produces a unique series of probleips, including cardiac perforation, catheter migration, pericardial friction rubs, and diaphragmatic pacing. These problems have been reported by others with permanent implantation", 8o10 12, 13 and have been likewise seen in temporary transvenous pacing.27-29 These complications are reiterated to enforce the impression that considerably more post-insertion care, close follow-up, and reevaluation are involved with transvenous than with transthoracic pacemaker implantation. With thoracotomy the major complications are centered around those usually seen in the immediate postoperative period. With the transvenous method the complications are centered around the electrode catheter. In reality, one does not have a choice between a transvenous or transthoracic pacemaker. If the transvenous method is used, one must also be prepared to apply the transthoracic method in a certain number of these patients. When a skilled catheter team is available, it seems wise first to attempt the transvenous method. If this can be achieved and satisfactory pacing is established, a major surgical procedure is avoided.
If this is not accomplished, the more certain but more serious transthoracic approach can be used.
